The larger sex is often more vulnerable, in terms of development and survival, to poor conditions during early life. Differential vulnerability has implications for parental investment strategies such as sex ratio theory. When males are larger, it is not possible to separate the effects of larger size per se and other aspects of the male phenotype on vulnerability. Furthermore, offspring competition might favor the larger sex and thereby mask intrinsic, size-related effects. We studied sex-specific mortality in a bird species with reversed size dimorphism, the great skua Stercorarius skua, under natural and experimentally created poor conditions. Small eggs from extended laying sequences were used to create poor early conditions for the offspring, which were raised as singletons. Daughters had a lower survival in all treatment groups. Survival in natural broods was additionally affected by hatch date and position. Hatch weight was not different for sons and daughters but was lower in experimental than in natural nests. In natural nests, daughters fledged 10% heavier than sons, but in experimental nests, they did not reach a higher mass. The average survival difference between sons and daughters was not increased in experimental broods. However, hatch weight had a strong sex-specific effect. Very light females never survived, and survival probability of daughters increased with increasing hatch weight. By contrast, survival of sons over the same range of hatch weights was not related to weight. These findings support the hypothesis that larger (final) size per se is related to sex-specific offspring vulnerability during early life.
C onditions during early development often have differential effects on survival and performance of male and female offspring in birds and mammals (De Kogel, 1997; Kruuk et al., 1999; Mü ller et al., 2003; Nager et al., 1999; Tschirren et al., 2003; Velando, 2002) . Such sex-biased environmental sensitivity can affect the relative reproductive value of the sexes and is therefore expected to influence parental investment strategies (Clutton-Brock, 1991; Trivers and Willard, 1973) . In the majority of studied species, males experience higher mortality rates at some stage between conception and sexual maturity (Cooch et al., 1997; Griffiths, 1992; Røskaft and Slagsvold, 1985) . Male-biased mortality is correlated with the degree of sexual size dimorphism exhibited by adults, which suggests a causal relationship between relative final size and vulnerability (Clutton-Brock et al., 1985) . The influence of size on sensitivity is also indicated by some studies of species where females are larger Torres and Drummond, 1997) and by the absence of sexlinked differences in the young of monomorphic species (Nisbet and Hatch, 1999; Sheldon et al., 1998) . It is commonly assumed that the larger sex needs more energy during growth to reach its final size and is therefore more vulnerable to a shortage of resources (Anderson et al., 1993b; Krijgsveld et al., 1998) . However, mechanisms independent of size have also been suggested, which could cause male-specific vulnerability. The one that has received most attention is the male phenotype hypothesis. This stipulates that male-specific characteristics, in particular the high levels of testosterone needed for male sexual differentiation, are detrimental to other aspects of development, such as immunocompetence (Fargallo et al., 2002; Mü ller et al., 2003; Olsen and Kovacs, 1996; Uller and Olsson, 2003) .
A general problem in identifying causes of sex-biased mortality is presented by the overlapping predictions these two hypotheses make when males are the larger sex. Recently, the first experimental studies of sex-biased vulnerability in avian species with reversed size dimorphism, that is, larger females, have given new insights. Velando's (2002) findings, that handicapping flight ability of mothers during chick rearing had negative effects on growth of daughters but not sons in the blue-footed booby Sula nebouxi, support the size hypothesis. By contrast, the Fargallo et al. (2002) study on Eurasian kestrels Falco tinnunculus found reduced immune response in male nestlings but not females in food-stressed nests, supporting the male phenotype hypothesis. As in some other studies, which found a higher vulnerability of the smaller sex, sibling competition might have led to the observed disadvantage, as the larger sex might dominate food resources and thereby fooddeprive and stress members of the smaller sex (Anderson et al., 1993a; Bortolotti, 1986; Hipkiss et al., 2002; Oddie, 2000) .
In the present study, we investigate sex differences in environmental sensitivity of great skuas Stercorarius skua, in natural broods and in experimental broods without sibling competition. Great skuas are seabirds with reversed size dimorphism, where adult females are 10% heavier than adult males (Catry et al., 1999; Furness, 1987) . Great skuas bias the primary sex ratio in favor of the smaller sex when mothers are in poor condition (Kalmbach et al., 2001) . Unfavorable circumstances often highlight the disadvantage of the larger sex (Daunt et al., 2001; Nager et al., 2000; Røskaft and Slagsvold, 1985) . We predict that great skua daughters, the larger sex, experience higher mortality than sons and that this difference is exacerbated under poor conditions. We followed sex-specific offspring survival in unmanipulated broods, as well as investigating effects of experimentally created poor conditions on mortality of sons and daughters. Great skuas normally lay clutches of two eggs, resulting in broods of one and two chicks in unmanipulated nests. To separate effects of egg and parental quality on sex-linked offspring performance, we conducted an egg removal and cross-fostering experiment. Through egg removal, we induced females to lay six instead of the normal two eggs. Female body condition is greatly reduced after the production of six eggs (Kalmbach et al., 2004) . We created two groups of experimental chicks, both of which hatched from poor eggs. However, one of the groups was raised by parents in good condition, while the other had the additional disadvantage of poor condition parents. To exclude effects of sibling competition on sex-specific vulnerability, experimental chicks were raised as singletons. If female offspring in the great skua are more vulnerable than males, we expect to see higher female mortality in the experimental treatments than in natural broods. Depending on the relative importance of parental condition or egg quality, sex-linked differences should be equal in both groups (mainly egg effects) or stronger in the second group (additional parental effects).
METHODS

Study population and treatment groups
The present study was carried out between May and August 2000 on Foula, Shetland (60 089 N, 2 059 W), which supports a colony of approximately 2500 breeding pairs of great skuas. Altogether, we used 169 pairs of great skuas for our study, divided over three different treatment groups (Figure 1) . From the ''unmanipulated'' group, background data on breeding parameters and sex-dependent offspring survival in natural broods were collected. From the ''removal'' pairs, eggs were removed continuously during laying, some of which were then incubated and raised by the ''foster'' group. Fifty-four pairs were studied in the unmanipulated group, 55 pairs belonged to the removal group, and 60 clutches were originally prepared as foster nests, of which 49 were eventually needed. Chicks from the foster and removal groups are jointly referred to as experimental chicks, in contrast to the unmanipulated chicks from natural broods (Figure 1 ). In the experimental group we carried out daily territory checks prior to the onset of and during laying, unmanipulated pairs were checked every 2 days. Eggs from the unmanipulated group were marked and measured on finding. During incubation, nest checks were kept to a minimum until the expected time of hatching. From hatching until fledging, unmanipulated as well as experimental chicks were checked every 2 to 3 days. During the peak of hatching, nest checks were carried out more frequently to be able to assign hatching order.
Experimental procedure
To minimize variability of adult quality among foster parents, we chose pairs that had laid their first eggs within a time period of 8 days (10-17 May) in the first half of the laying season. Similarly, for the group of removal pairs, we only chose pairs that had initiated laying within a 10-day period (10-19 May). The laying period of the unmanipulated nests fell between 9 May and 5 June (median 16 May) in the study year. Eggs of foster parents were vigorously shaken and painted with clear varnish after clutch completion, in order to prevent development of embryos. For cross-fostering, one of the original eggs was replaced by an experimental egg, so that foster parents were still left with two eggs for incubation but only one of which was developing.
In the removal group, daily checks were carried out and any newly laid egg was removed on finding. Fourth eggs laid by these females were put into nests of foster parents. We attempted to keep egg quality of fourth eggs as similar as possible by only cross-fostering those fourth eggs that had been laid between 20 and 31 of May (12.0 6 2.17 days after the first eggs were laid). With 46 pairs, we continued egg removal until a sixth egg was laid, which we left in the nests of removal parents. Within 2 days after laying, we added a dummy egg to the nest, to discourage females from laying a further egg. However, 15 females produced a seventh egg despite this. We assume that females who laid a seventh egg were in comparatively better condition at the time when they produced the sixth egg than those females who did not produce a seventh egg. We therefore believe that rather than increasing the variability of parental condition within the removal group, the production of these seventh eggs might have reduced variability between females. In only four of these nests both eggs hatched, in three neither hatched, and of the remaining eight, one chick came from a seventh egg, while the others hatched from the sixth. Because of our aim to prevent competition within broods, we carried out the survival analyses for experimental chicks without the inclusion of the four nests that had hatched two chicks. Females in the removal group were in significantly poorer condition after egg laying than unmanipulated females (body mass unmanipulated: 1441 6 10. Kalmbach et al., 2004) .
Chick weights and survival
In all treatment groups, chicks were measured and marked by painting different combinations of toenails on the day of hatching or the following day. A 50-ll blood sample was taken when chicks were marked. The blood samples were later used for molecular sexing, following standard methods (Griffiths et al., 1998) , with the alterations given in Kalmbach et al. (2001) . The reported hatching sex ratios include those chicks that had died at hatch. At around 10 days of age, chicks were Schematic summary of treatment groups in this study. The unmanipulated group represents natural nests where we followed chick survival and growth. The last row indicates the expected quality/ condition of parents and eggs in the respective treatment groups.
Chicks from the foster and removal group are jointly referred to as ''experimental'' chicks. For more details see Methods.
ringed with individually numbered British Trust for Ornithology rings. Survival of all chicks was followed by nest and territory checks every 2-3 days. Great skuas defend their nests and chicks against potential predators, including humans, through repeated aerial attacks, which increase in intensity with the proximity of the predator to the nest or chick. Therefore, parental behavior, that is, incidence and strength of attack on investigator, was included as an indicator of death or disappearance of nestlings when chicks had not been found during several checks. Chicks were classified as ''fledglings'' when they reached an age of 38 days, as chicks start to fly at around 38-44 days old, and survival from 38-44 days is generally high. Chicks' weights were measured again as close to fledging age as possible. Older chicks are very mobile and could sometimes not be found for several days. Fledging weights therefore include weights between 36 and 45 days of age, always using the weight on the day closest to 38-41. The average age at which fledging weight was measured was not significantly different for experimental and unmanipulated chicks (experimentals: 38.63 6 0.28 days; unmanipulated: 39.59 6 0.32 days, t 73 ¼ 1.901, p ¼ .061).
Data analysis
Due to the egg removal procedure, the mean hatch dates of unmanipulated, foster, and removal chicks were necessarily different (mean hatch dates: unmanipulated 19 June 6 6 days; foster 25 June 6 3 days; removal 5 July 6 6 days). To correct for these differences, we included hatch date as a main factor in all models for comparing chick performance between treatment groups. Because of nonindependence of unmanipulated chicks from the same nest, as well as experimental chicks with the same biological mother, we used statistical models that allow the inclusion of a random factor. As random factor, we entered the identity of the laying female in our analyses, which in the unmanipulated group corresponds to nest identity. Hatching and fledging weights were analyzed with linear mixed models (LME), which can allow for temporal and/ or spatial pseudoreplications and nested designs (Crawley, 2002) . Chick survival was analyzed by using generalized estimating equations (GEE) to fit population average models to the data (Hosmer and Lemeshow, 2000) . This procedure is similar to generalized linear models but particularly designed for binary data, and it allows the inclusion of a random factor. Originally, we included all two-way interactions of the respective main factors of the full model and then followed backward elimination of factors that contributed least in explaining the observed variance, starting with the interactions. Three-way interactions were only included where visual data inspection suggested an effect. In the final models, only significant interactions are included, plus the corresponding and significant main factors.
Due to reduced hatching success in the experimental group, the final sample sizes for some parameters of foster and removal chicks were relatively small. We therefore firstly compared the two experimental groups with each other. When we found no significant differences between foster and removal chicks, we pooled them as experimental chicks in models where we compare them to the chicks from unmanipulated nests.
Sex ratios are given as proportion of males. The LME and GEE models were fitted using the ''lme'' and ''gee'' functions from the open source software R (Ihaka and Gentleman, 1996; Venables and Ripley, 2002) . All other statistical analyses were performed using SPSS for Windows, version 11.0. Data are presented as means 6 SE with n denoting sample size. All statistical tests are two tailed.
RESULTS
Unmanipulated broods
Overall hatching success of unmanipulated eggs was 75% (n ¼ 108 eggs in 55 nests). Thirty nests hatched two chicks, 21 hatched one, and 4 failed to hatch any eggs. The sex ratio at hatching was 0.52 (n ¼ 84), which was not different from a 1:1 binomial distribution (Fisher's exact p ¼ .744; Figure 2 ). There was no sex bias in the hatching sequence (first chicks 18#:12$, p ¼ .362; second chicks 17#:13$, p ¼ .585; single chicks 8#:13$, p ¼ .383; all Fisher's exact tests), and all combinations of offspring sexes in two-chick broods occurred as frequently as could be expected from a .5 probability for male and female offspring (MF 8; MM 10; FM 7; FF 5; v 2 ¼ 0.023, df ¼ 1, p ¼ .880). Hatch weight was not different for males and females (males 64.6 6 0.9 g, females 66.8 6 1.4 g, t 67 ¼ 1.31, p ¼ .195; Figure 2 ), but females were 10% heavier at the time of fledging (males 1062 6 19.2 g, females 1173 6 27.9 g, t 49 ¼ 3.364, p ¼ .001; Figure 2) .
Of the hatchlings, 65% survived to fledging age. Chick survival was mainly determined by three factors: offspring sex, hatch date, and position within the brood, as revealed by the results of a GEE model (Table 1) . Sex had the strongest effect, as great skua daughters, the larger sex, showed a 20% lower survival than sons ( Figure 2 ; Table 1 ). This resulted in a fledging sex ratio that appeared slightly biased in favor of males with 0.61 6 0.07 (n ¼ 53) but was not statistically different from unity (Fisher's exact p ¼ .169). Hatch date also strongly affected survival, with a decreasing survival probability as the season progressed. Hatching second in a brood of two was the least successful position, while survival of single and first chicks was not different (Table 1 ). There was no interaction effect of position and sex, thus hatching second was equally bad for males and females (position 3 sex p ¼ .399). Although hatch weight had no overall effect on survival, it interacted with chick position. When hatching in the disadvantaged second position, survival probability increased with increasing hatch weight (Table 1) . This indicates that hatch weight might be an important factor for survival under unfavorable circumstances. Considering the existing effect of brood position on survival, it is not surprising that brood size had no additional effect (p ¼ .6738). Neither did the sex of a chick's sibling affect its survival (p ¼ .623).
Experimental eggs
Egg sizes declined sharply over the extended laying sequence from egg one to egg six (rmANOVA F 5,46 ¼ 93.689, p , .001). Both fourth and sixth eggs were significantly smaller than first eggs (fourth 10.1% smaller, sixth 13.4%, rmANOVA, 4 versus 1: F 1,50 ¼ 278.1, p , .001; 6 versus 1: F 1,50 ¼ 279.7, p , .001), and also second eggs (fourth 8.0% smaller, sixth 11.4%, rmANOVA, 4 versus 2: F 1,50 ¼ 276.3, p , .001; 6 versus 2: F 1,50 ¼ 305.4, p , .001). The size difference between the experimental eggs from fourth and sixth positions (3.7%, rmANOVA, 4 versus 6: F 1,50 ¼ 22.6, p , .001) was a lot smaller than the difference between either of the experimental eggs (fourth and sixth) and the first or second egg.
Within experimental group comparison (foster versus removal)
In the experimental group, 27 chicks (55%) hatched successfully in foster nests and 29 (48%) in removal nests. Hatch weight was not different between foster and removal chicks, and as in the unmanipulated group, there was no sex difference in hatch weight (Figure 2; Table 2a-I.) . Sex ratio at hatching was 0.5 6 0.09 in the foster group and 0.68 6 0.09 in the removal group and was not statistically different between the two groups (Figure 2 ; Fisher's exact p ¼ .2031). However, the sample sizes in the two groups are relatively small, and when tested directly against a binomial distribution, the hatching sex ratio in the removal group appeared male biased (Fisher's exact p ¼ .0679). Fledging weights were not different between foster and removal chicks, and females were not heavier at fledging than males (Figure 2 ; Table 2b-I).
Unlike in unmanipulated broods, hatch date did not affect the survival of experimental chicks (Table 2c-I). As in unmanipulated broods, sex had an overall effect on survival, with females showing higher mortality (Table 2c-I) . Contrary to predictions, the sex difference in survival was not larger in the removal than in the foster group (Figure 2 ; Table 2c-I; no effect of treatment [foster or removal] nor of the interaction of sex 3 treatment p ¼ .115). Thus, when hatching from small eggs, being raised by parents in poorer condition did not appear to be an additional survival disadvantage and did not affect daughters more than sons. Equal to the unmanipulated chicks, hatch weight did not have an overall effect on survival. However, there was a significant interaction effect of hatch weight and sex on chick survival (Table 2c-I). Very light females had a much lower survival probability than heavier ones ($ hatch weight coefficient, b ¼ 0.723 6 0.325, p ¼ .026; Figure 3a ), while male survival was equally poor across the whole range of hatch weights (# hatch weight coefficient, b ¼ 0.045 6 0.071, p ¼ .528; Figure 3b ).
Experimental versus unmanipulated conditions
Hatching success was significantly lower in the experimental group than for unmanipulated eggs (52% versus 75%; Fisher's exact p , .001). Equally, hatch weight was lower for experimental chicks than in the unmanipulated group, even when correcting for the naturally occurring decline with hatch date (Figure 2 ; Table 2a-II). Fledging weights, by contrast, were on average not lower for experimental chicks and did not decline with hatch date (Figure 2 ; Table 2b-II.). However, there was a significant interaction effect of treatment and sex on fledging weight (Table 2b-II) . Despite the lower hatch weights in the experimental groups, sons fledged equally heavy from unmanipulated and experimental nests. By contrast, daughters in unmanipulated nests fledged heavier than sons, but in the experimental group, they fledged at the same weight as sons, and thereby lighter than Percentage of male and female hatchlings, survival, hatch weight, and fledging weight of sons and daughters in unmanipulated, foster, and removal nests. Error bars represent 61 SE. Sex ratios were not different from unity in any group, although the male bias in the removal group was close to significance (p ¼ .0679). Female survival was lower than male survival in all groups. Hatch weight did not differ significantly between the sexes, while fledging weight in the unmanipulated group was higher for daughters but the same for sons and daughters in the experimental groups (see tables and text). unmanipulated females (Figure 2 ). These results were the same when excluding second-hatched chicks, whose inclusion might have decreased the average for the unmanipulated group. Survival to fledging was analyzed with a model that originally included the main factors hatch date, treatment (unmanipulated or experimental), sex, and hatch weight, as well as brood size and position. As seen for the unmanipulated chicks alone, later-hatched chicks survived less well, while there was no additional effect of treatment on survival (Table 2c-II) . The three-way interaction of sex, treatment, and hatch weight was significant, as was the interaction of sex and treatment, while none of the other main factors or other twoway interactions were (Table 2c-II) . The significant three-way interaction mean that the effect of hatch weight on sexspecific survival differed between the unmanipulated and experimental group. This supports the results we had found in the separate analyses of unmanipulated and experimental group: among the light-hatched experimental chicks, there was a clear sex-specific effect of hatch weight on survival, while such an effect was absent for unmanipulated chicks.
To account for the potential bias through different brood sizes in experimental and unmanipulated nests, we also analyzed survival with an alternative model. We excluded second-hatched chicks, whose survival was significantly lower than that of first and single chicks. The remaining unmanipulated chicks thereby represent a group that is more comparable to the singly raised experimental chicks. In this alternative model of survival, the hatch date effect disappeared (p ¼ .071), while treatment effects became significant, with a lower survival probability for experimental chicks (treatment ÿ15.38 6 6.51, v 2 ¼ 5.57, p ¼ .018). Offspring sex was also a significant predictor of survival (sex ÿ1.34 6 0.46, v 2 ¼ 8.37, p ¼ .004), as was the interaction of treatment and hatch weight (treatment 3 hatch weight ÿ0.23 6 0.11, v 2 ¼ 4.56, p ¼ .033). This, again, supports the result that hatch weight had a dissimilar effect under unmanipulated and experimental conditions.
DISCUSSION
We found that in the reversed sexually size-dimorphic great skua, offspring mortality during the nestling period was female biased. This pattern existed in natural broods, where a sibling was often present, as well as in experimental broods, where chicks were raised as singletons. Contrary to our predictions, the sex difference in mortality was not stronger under poor circumstances, that is, in the groups with poorer egg and parental condition. However, in the groups with reduced egg size, daughters showed increased sensitivity to low mass at hatching, while survival of sons was independent of hatch weight. Additionally, daughters that fledged under experimental conditions did so with reduced mass compared to unmanipulated conditions, while fledging weight of sons was not affected. These results support the hypothesis that size per se makes the sex, which grows to a larger final size, more vulnerable (Clutton-Brock et al., 1985) . This conclusion is strengthened by the comparison of our study with the closely Test statistics (t for LME models and v 2 for GEE models) and significances are taken from the final model or from the final model plus the relevant parameter for main factors, which are not ultimately included. Factors in italics are not included in the final model. Results for all main factors are presented but only the significant interaction terms. In model c-II we had also included the main factors brood size (p ¼ .936) and brood position (p ¼ .311). Stars at the end of a row indicate significant factors in the final model.
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Behavioral Ecology related lesser black-backed gull Larus fuscus, in which males are the larger sex and the ones that exhibit higher nestling mortality (Griffiths, 1992; Nager et al., 2000) .
Sibling competition or intrinsic vulnerability?
In contrast to some studies of reversed size-dimorphic species, which have found a competitive disadvantage and higher mortality of the smaller sex within broods (Bortolotti, 1986; Hipkiss et al., 2002) , our results from natural broods gave no indication of such a pattern. Hatching second affected survival of both sexes negatively, while the sex of a sibling did not have an effect. However, our sample size of two-chick broods is too small to allow a thorough test of the interaction effect of brood position and sibling sex on survival, as there are four possible sex combinations in broods with two chicks. Also, we found no evidence that the presence of a sibling as such had a negative effect on survival. Even if competition would differentially affect survival of the smaller sex when there is a sibling present, our results point toward the existence of an intrinsic mechanism, which causes a high vulnerability of the finally larger, that is, female, chicks. Such a mechanism could be based on sex-specific growth rates, if female chicks had to achieve a higher initial growth rate in order to develop normally throughout the nestling phase (Gebhardt-Henrich and Richner, 1998) . Female great skua chicks did not hatch heavier than male chicks, but at the end of the nestling phase, they fledged at a higher mass than males. This means that their development pattern must be different from that of males. Mortality occurred mainly in the first 10 days after hatching but not exclusively. Beside the immediate effect of early conditions on mortality, it is also possible that processes in the early days of life influence later survival (Lindström, 1999) . The important role early conditions can play for differential development is underlined by our results from the experimental chicks.
Effects of egg and parental quality
Survival of experimental chicks was 15% to 20% lower than for chicks from natural broods, but this difference was only statistically significant when excluding the disadvantaged second-hatched chicks. This is a somewhat unexpected result, considering that conditions in the experimental groups were almost certainly poorer, also than for second-hatched chicks in natural broods. In addition to the small egg sizes, females in the removal group were in poorer body condition after laying than females who had laid two eggs and did not recover condition fully during incubation (Kalmbach et al., 2004) . Male partners might compensate in their parenting effort for poor body condition and reduced effort of their females. However, it is unlikely that extra male investment would have fully compensated for the differences in female condition and thus the rearing capacity between the two groups, considering that the production of one extra egg already had a measurable effect on parenting ability in the lesser black-backed gull (Monaghan et al., 1998) . Being raised in a natural two-chick brood had a skewed effect on the survival of the two brood members. Second-hatched chicks suffered reduced survival, while first chicks did equally well as singletons in natural broods. A general sex effect on survival was only found when correcting for this biased mortality (including brood position in survival model of unmanipulated chicks) or when excluding second-hatched chicks (alternative survival model experimental versus unmanipulated chicks). These results support findings from other studies that within-brood asymmetries, such as in size, age, or competitive ability, can mask intrinsic effects of sex-specific vulnerability (Bortolotti, 1986; Oddie, 2000) .
Comparison of chick survival between the two experimental groups gives an indication about the importance of egg and parental quality for chick performance. Despite small size differences, in both treatments, chicks hatched from eggs that were considerably smaller than unmanipulated eggs and subsequently hatched at low weights. However, the two groups of chicks were raised by parents who differed in condition. Nonetheless, survival did not differ between the two experimental groups. This indicates that poor parental condition had no additional negative effect on offspring survival or, vice versa, good condition did not increase chick survival. At first sight it seems an unlikely result that parental condition did not affect offspring performance (Monaghan et al., 1998; Nager et al., 2000; Velando, 2002) , and relatively small final sample sizes might be one reason for this. On the other hand, the existence of an egg quality or size threshold could explain that below a certain limit, egg effects on survival become so strong that they can override any parental effects (Nager et al., 1999) . A weight threshold, rather than a continuous decline, has also been found to affect postfledging survival of birds (e.g., Van der Jeugd and Larsson, 1998) . Whether this is indeed the case for egg size or hatching weight needs to be investigated with more detailed experiments.
The size disadvantage
Although poor early conditions did not increase survival differences between daughters and sons, fledging weights of daughters but not sons were reduced. Additionally, there was a distinct sex-linked effect of very low hatch weight on female survival. This pattern mirrors the situation in humans, where the increased mortality of boys among very low birth weight infants is known as the ''male disadvantage'' (Stevenson et al., 2000) . Weight at hatching is tightly correlated to egg mass and reflects to a certain extent the amount of resources a chick possesses during the first days of life (Carey, 1996; Furness, 1983) . Different metabolic requirements as well as differences in resource allocation of male and female chicks during the initial growth phase could explain sex-specific sensitivities to low hatch weight. Other studies of size-dimorphic species have found that the larger sex is more restricted in its growth pattern (Lindén, 1981) . That is, the larger sex has not got an equal scope to vary growth or development in response to resource availability. An inability to vary growth might also be related to the process known as fetal programming (Lucas, 1991) . It assumes that during very early development, the embryo is organized according to the currently available resources. This organization might fix, for example, the number of cells or metabolic pathways (Lucas et al., 1996; Robinson et al., 1999) . Even when conditions improve after the initial poor phase, that is, after hatching when fed plentifully by good parents, the fixed body organization cannot be reversed. A sudden change in conditions might in fact be detrimental (Metcalfe and Monaghan, 2001 ). In the larger sex, this might have a stronger effect, as the aim of growing to a larger final size might increase the need for catch-up growth already during the first days of life. Despite hatching equally heavy as sons, daughters in unmanipulated nests reached a 10% higher weight at fledging. By contrast, females of the light-hatched group were not able to reach a higher fledging mass than males, irrespective of parental condition. It appears that particularly females in the great skua are not able to catch-up with the ''normal'' growth pattern after a bad start, even under good conditions. These results support the suggestion that vulnerability of the larger sex is not merely a consequence of higher energy requirements during posthatch growth (Torres and Drummond, 1999) .
Implications for adaptive sex ratios
Sex-specific offspring performance has implications for many aspects of life history, including the theory of adaptive sex allocation. According to the hypothesis by Trivers and Willard (1973) , parents should skew their offspring sex ratio in favor of the more beneficial sex. For the present study, that would mean sons are more beneficial in circumstances when the hatch weight is likely to be below a threshold weight. In a previous study, we found that great skuas skewed the primary sex ratio in favor of sons at the end of an experimentally extended laying sequence, when eggs are considerably smaller than in normal clutches (Kalmbach et al., 2001) . We found the same sex ratio skew in last eggs replicated in the present study (when calculating the sex ratio in the same way as in the previous study, that is, taking the last viable egg of each female, the sex ratio was significantly male biased: sex ratio ¼ 0.73, n ¼ 26, binomial test p ¼ .029). In combination, these results suggest a possible adaptive nature of the observed male-biased sex ratio in last eggs as a response to the femalebiased vulnerability to very low hatch weight.
CONCLUSIONS
Our study in the reversed size-dimorphic great skua adds support to the theory that intrinsic vulnerability of the larger sex is linked to size per se and not specific to the male sex (Torres and Drummond, 1997; Velando, 2002) . Vulnerability was related to conditions before the peak demand of energy during nestling growth, suggesting differences in resource allocation prior to the appearance of size dimorphism. This does not exclude the possibility that in the same species, in broods larger than one, the smaller sex might exhibit higher mortality due to sibling competition (Bortolotti, 1986; Hipkiss et al., 2002; Oddie, 2000) . Both mechanisms could act at the same time and need to be taken into account when making predictions about sex-specific offspring costs and benefits for parents. The fact that hatch weight played a differential role for sons and daughters suggests that circumstances during early development are crucial for these costs and that good parental care cannot necessarily offset early negative effects.
